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Molten iron runs white hot from a huge 
ladle into an open hearth furnace for con- 
version into steel. The quality of this steel 
is the responsibility of this engineer. He 
also assists in coordinating open hearth 
operations and incoming raw materials 
and plans improvements in methods. This 
is a typical example of one of the many 
Opportunities for engineering graduates 
at United States Steel. 


In choosing your career... consider United States Steel 
... the leader in the one industry that’s truly basic! 


T has been said: ‘United States Steel ig 

the industrial family that serves the nation 
and the world.”’ For in our homes and fac- 
tories .. . in communications . . . in transpor- 
tation—steel is basic. 


This means that in the complex and rami- 
fied organization which constitutes United 
States Steel, unlimited opportunities are pre- 
sented to the college graduate—whether his 
preference is engineering, administrative 
work, or any of a score or more of other 
activities in this highly diversified industry. 


In the final analysis, United States Steel is 
men ... men of high caliber, exceptional 
ability, broad vision and complete dedication. 
Traditionally, United States Steel looks to 
its young men of today to become its leaders 
of tomorrow. 


For complete information on the oppor- 
tunities available at United States Steel for 
young men of ambition and foresight, send 
for a copy of our free book—Paths of Oppor- 
tunity. Doing so may very well be the begin- 
ning of a successful and rewarding career for 
you at United States Steel. 


PSS SS SS SS SS SS SS SSS SS SS 
| United States Steel Corporation, Personnel Division | 
| 525 William Penn Place, Pittsburgh 30, Pa. | 
Please send me a free copy of your book, ‘Paths of Opportunity.” I 
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NUMBER ONE IN A SERIES 
ENGINEERING MANAGEMENT AT MARQUARDT 


Marquardt Means Opportunity 


The Marquardt Aircraft Company was founded in November, 1944 to conduct research, 
development, and manufacturing operations in ramjet propulsion. From the beginning, 
the principle company objective was to establish and maintain a high level of com- 
petence in engineering. 

Both because of the national need and the inclination and experience of the key 
people, Marquardt has continued to pioneer the development of products containing 
a high content of scientific and engineering newness. Prominent examples are the 
supersonic ramjet, providing cruise power for the Boeing Bomarc interceptor missile 


Roy E. Marquardt, at 39, is the youngest 
chief executive officer in the aircraft 
engine business. A graduate of the Cali- 
forma Institute of Technology, he was 
Director of Aeronautical Research at the 
University of Southern California prior 
to founding Marquardt Aircraft Co. 


and the Lockheed X-7 Test Vehicle; ram air auxiliary power packages, on the Chance NP 

Vought F-8U and the Lockheed F-104A; thrust reversers; afterburners; and a wide mar vardt. 

range of ramjet and turbojet controls and accessories. q AIRCRAFT CO. 
Since the technical areas available to a company specializing in advanced controls wy a 


Van Nuys, California 


and propulsion work are numerous, you will find a broad range of engineering oppor- 
Ogden, Utah 


tunities at Marquardt. Check your Placement Office for dates when Marquardt rep- 
resentatives will visit your school, or write Dock Black, Professional Personnel, Mar- 


quardt Aircraft Company, Van Nuys, California. FIRST IN RAMJETS 
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| From the Editor’s Desk .. . 


You're Getting a Raw Deal! 


Most of you are victims of the times. Rising living costs, costs of tuition and books, low sal- 
aries for part-time work; all contribute toward preventing many from attending or completing their 
studies at college. 


During World War Il and again during the Korean conflict, the federal government instituted 
legislation to compensate servicemen for the loss of educational opportunities necessitated by their 
service with the military at home and abroad. One important part was the educational provision 
whereby veterans could complete their education and receive a small sum of money for subsistance, 


tuition, books, supplies, etc. Many engineers are here at Illinois because of the $110 a month. 


Most of you will be called on to serve in the military services in the near future. You will 
lose a couple of years of potential college in your teens. You will receive the same training as the 
men did during World War II and the Korean conflict. You will keep the same long hours, do the same 
work, receive the same small pay. But you are less fortunate. There is no great “G. |. Bill” waiting 
for you to cover your many requirements. The benefits you receive upon separation are insignifi- 


cant. 


But why you may ask. If you’re doing the same work, keeping the same hours, getting the 
same pay, why should you not get the same benefits? The answer is tragically simple: you are a 
victim of the times. While granted that many people endured armed conflict with the enemy, the 


greater portion did only the menial tasks now required of all servicemen. 


With the GI educational benefits standing as the most outstanding example of successful gov- 
ernment aid of education, it would seem obvious that some one should re-establish such a program. 


If the federal government cannot or will not do so, it is up to the state to institute a similar program. 


However, this is not what concerns them. They are busy trying to give more money to veter- 
ans who served during the dates of actual hostilities. While as a group a bonus of some sort would 
have been very useful upon discharge, veterans as a group do not need such a bonus now. They 
are well integrated into civilian life and have no needs any more than every John Q. Public could 


use a few extra dollars. 


Obviously certain veterans need money, but the bonus would not go only to those people. 


The distribution criterion is no longer valid. 


Speaking as a veteran who would receive the bonus, | am against it. The money could be 
spent much more wisely by establishing another “GI Bill” with educational benefits, enabling every- 
one who is scholastically qualified to enter college. Certainly no one should be denied a college edu- 


cation for monetary reasons. There is too great a shortage of educated people in our country today. 


Do your part; show the legislature you really care! 


—JTK 
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...on science and research 


“In every field of science, advances in knowledge are 
forcing more and more specialization. As disciplines 
become narrower and their interactions harder to dis- 
cern, communication among specialists becomes more 
difficult. At the same time, the relevance of political, 
economic, and social factors in the broad application 
of physics, chemistry, and mechanics to major practical 
problems is increasingly evident. Many such problems, 


unlike research at the frontiers of the specialties, are too 
broad in their implications and too complex in detail to 
be solved by any expert working alone. The research 
team, uniting the diverse skills of many specialists, and 
using the best mathematical tools ~ theoretical and com- 
putational — is probably the most successful means of 
discovering realistic, timely, and original solutions to 
important problems of public welfare and security.” 


—F,R. Collbohm, President 


THE RAND CORPORATION, SANTA (MONTCA, CALIFORNIA 


A nonprofit organization engaged in research on problems related to national security and the public interest 
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Modern Giant 


River of Kings 


by Don Rayburn 


An Account of the Construction of a Large Hydroelectric 


Unit in the Pacific Northwest 


“Bring Me Men To Match My 
Mountains,” is inscribed on a_ State 
building at the Capitol of California. 
And the mountains toward the western 
borders of the State, the mighty Sierra 
Nevadas, demand a particularly tough 
breed of men—and equipment—to meet 
the challenge of rock, grades, altitude, 
snow, wind and cold. Among the tow- 
ering peaks, granite domes and cloud 
enshrouded’ big tree forests along the 
North Fork of the Kings River, men 
and equipment of a joint venture of 
three noted contractors, commissioned 
by Pacific Gas and Electric Company, 
are currently proving their mettle 
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against the hardships of one of Nature’s 
ruggedest wildernesses. 

The Kings River Project, as this 
$80,000,000 undertaking is called, in- 
volves the construction of two dams, 
two powerhouses (one subterranean) 
and the enlargement of a third power- 
house. Connecting tunnels and penstocks 
will be built to carry the water from 
the resrevoirs behind the dams through 
the powerhouses to the reservoir back 
of the existing Pine Flats Dam, con- 
structed in 1947 by the Army Corps of 
Engineers as a flood control and irri- 
gation project. Before this construction 
could begin, however, a complicity of 
interests had to be resolved. 


The waters of the Kings River, as 
they roll out of the mountains and 
across the San Joaquin Valley near 
Fresno are drawn to irrigate the crops 
of one of the richest agricultural do- 
mains in the country. Many years of 
discussions between the irrigationists, 
Pacific Gas and Electric and, later, the 
United States Bureau of Reclamation 
eventually brought fruition in plans for 
the development of the river as a source 
of hydroelectric power. Agreement was 
reached and a 30 year Federal Power 
Commission License was issued to 
PG&E in May, 1955. In essence, the 
agreement stipulates that PG&E will 
purchase outright the Central Valley 


7 


Project’s water for delivery to the Kings 
River irrigators as needed to fill the 
upstream reservoirs. The Central Valley 
Project is a Bureau of Reclamation or- 
ganization that delivers water from 
other nearby rivers to San Joaquin Val- 
ley irrigationists and the Kings River 
Project via the Friant-Kern Canal. In 
exchange for this water, PG&E obtains 
Kings River water and stores it behind 
Pine Flats Dam. The water will be 
released from Pine Flats in amounts 
equalling the volume PG&E will hold 
back upstream to start the operation of 
the Kings River Project. 


A joint venture of Morrison-Knud- 
sen Company, Inc., of Los Angeles; 
Walsh Construction Company of San 
Francisco, and B. Perini & Sons, Inc., 
of Framingham, Mass., won the bid 
for the construction of the first phases 
of the Kings River Project—the two 
dams and the enlargement of the ex- 
isting powerhouse. Actual construction 
of the project began in July, 1955, after 
authorization by the California Public 
Utilities Commission. 


Almost at the treeline on Helms 
Creek, a tributary of the North Fork 
of the Kings, Morrison-Walsh-Perini 
is constructing Courtright Dam. Three 
miles downstream, on the North Fork 
at Coolidge Meadows, Wishon Dam is 
going up. Water from the Wishon Res- 
ervoir will flow through a 6.2 mile tun- 
nel to the subterranean Haas Power- 
house (bids recently let), then through 
a 2,000 ft. tailrace tunnel and 314 mile 
pressure tunnel to Balch Powerhouse, 
which was originally built to handle 
added water capacity. Another tunnel 
will carry the water 18,400 ft. to the 
Kings River Powerhouse (construction 
to start in 1959), then through a tail- 
race to Pine Flats Reservoir. 


The elevation of the Courtright Res- 
exvoirtis 6,1/0=1t.. Its about. 2 11/3 
mile fall to the 951.5 ft. elevation of 
Pine Flats. The water rushing through 
the tunnels will drop almost vertically 
thousands of feet through penstocks to 
turn the turbines of the three power- 
houses. Extremely high pressures will 
be developed as the water is used three 
times to generate electric power. None 
of the water will be wasted; none will 
be consumed or lost. 


From the Courtright Reservoir to 
the Kings River Powerhouse is a dis- 
tance of 40 hard, mountainous miles 
through the Sierra and Sequoia Nation- 
al Forests. The terrain is glaciated gran- 
ite—hard, rugged and precipitous. In 
such country even a pole hole requires 
blasting. Early survey and construction 
crews inched heavy equipment over nar- 
row, one-lane roads where traveling a 
half a mile often meant negotiating 
more than 2 miles of switchbacks. 
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Courtright Dam 


Morrison-Walsh-Perini started con- 
struction on the Courtright Dam, a 
$7,800,000 rock fill structure, in June, 
1956. The year before, an 8 mile ac- 
cess road was extended to this remote 
site; then the heavy 10 ft. snows of the 
High Sierra winter closed the project. 
The early snows and late thawing at 
the over 8,000 ft. altitude permit only a 
6 mo. work year on this dam. 


The dam will occupy a narrow gorge 
on the almost inaccessible upper reaches 
of Helms Creek. Stretching 906 ft. 
across the gorge, it will be 310 ft. high 
—one of the highest rock fill dams in 
the world. When completed, it will 
form a reservoir storing 102,500 acre- 
ft. of water on about 1,500 acres of 
Federal land. 


Courtright Dam will contain 1,450,- 
000 cu. yds. of loose rock fill. Rock fill 
is the most economical type of construc- 
tion for this area, and also the safest be- 
cause of the danger of earthquakes. 
Only materials native to the area are 
being used. The rock comes from quar- 
ries on the job site; concrete sand and 
aggregates from Coolidge Meadow near 


Wishon. 


The downstream side of the dam will 
be faced with selected face rock and 
will have a slope of 1.4 to 1. On the 
upstream side will be concrete facing 
backed by trench rock. The slope will 
be db to, -atthe-top® te 1.3. to. lat 
the base. Concrete coring will form a 
base seal under the trench rock and fac- 
ing. To prevent the concrete face and 
coring from cracking due to settling, 
sheet copper cutoffs and hinge joints 
will intersect horizontally and vertical- 
ly at regular intervals across the face. 
A total of 30,000 cu. yds. of concrete 
will be used. A single spillway will be 
located on the left, looking downstream. 


One of the first tasks in the con- 
struction of Courtright—and one that 
is still in progress—was the clearing of 
550 acres of timber from the dam and 
reservoir sites—most of it fir, ponderosa 
pine and cedar. R. B. Byers of Redding 
logged out all merchantable timber and 
has subcontracted to clear and burn the 
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The Editors are deeply indebted 
to Caterpillar Tractor Co., Peoria, 
Illinois and Mr. Don Rayburn for 
this material. This article tends to 
show some of the drama_ behind 
major construction utilizing heavy 


equipment. 


waste growth. A Caterpillar D8 and 
D7 Tractor and an International TD18 
Tractor knock down all but the larg- 
est trees and doze them into piles for 
burning. 


Target date for the completion of 
Courtright Dam is November, 1958. 
Currently, M-W-P is developing the 
rock quarries and putting in the loose 
rock fill. By Oct. 1, 1956, shortly be- 
fore snows closed the jobs, 62,590 cu. 
yds. of the required 1,496,000 cu. yds. 
of loose and fill rock had been placed. 
The cutoff trench was cleaned out and 
the concrete set just before the full 
force of winter struck, and a diversion 
tunnel was completed. 


In the loose rock quarry, M-W-P 
used Gardner-Denver Airtracs to drill 
2% in. diameter downholes in the solid 
granite. The holes are sprung by vary- 
ing types and combinations of powder, 
averaging | lb. of explosives per cu. yd. 
M-W-P uses Primacord connectors 
throughout, except in the cutoff trench 
where they use blasting caps with milli- 
second delays. 


A Northwest 80 2% cu. yd. drag- 
line and a Northwest 95 3 cu. yd. drag- 
line load the broken rock into Euclid 
17 cu. yd. rear dump trucks. A Cat 
D8 Tractor assists the draglines, clean- 
ing up and dozing rock to within reach. 
As the 2 to 10 ton boulders are dumped 
and pushed by a second D8 over the 
edge of the lifts, Stang monitors, with 
nozzles set usually at 3 in., sluice fines 
off the rocks to prevent more settle- 
ment than anticipated. The monitors, 
developing an 80-85 lbs. pressure, shoot 
5% sec. ft., 2500 gal per min. of water 
at the ratio of 3 cu. yds. of water to 
Lcu: yd. of=rock. 


Haul roads are dozed out by a third 
D8 and graded and maintained by a 
Caterpillar No. 12 Motor Grader. 
M-W-P will try to keep the roads open 
all winter if possible. 


During the work year, a tent city 
for single workers, trailers and cabins 
for families and officials, are located 
near the Courtright site. There are two 
9 hour shifts, 6 days a week. 


Wishon Dam 


On the North Fork, 3 miles down- 
stream from Courtright—8 miles by 
road—lies the construction site of Wish- 
on Dam. Here is the greatest concen- 
tration of men (527 out of a total of 
700) and equipment on the Kings River 
Project at the present time. This $16,- 
400,000 project, measuring 290 ft. high 
by 3,550 ft. long at the top and 1,420 
ft. at the base, will impound 128,500 
acre-ft. of water over 1,000 acres of 


PG&E and Federal lands. 


Except for size, Wishon Dam will 
be similar in construction to the Court- 
right Dam. There will be a main sec- 
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In the biting cold of the High Sierra October, workmen excavate the foundation for the Court- 
right Dam. Winter struck and the job was closed till spring a couple of days after this picture 
was taken. 


tion and two wing sections. Target date 
for its completion is December, 1958. 
Here, at a 6,500 ft. altitude, the work 
crews have an 8 month work year; the 
the job closing about November 15th. 
The crews, working hard and fast 6 
days a week on two 9 hour shifts, were 
able to complete enough of the dam to 
hold back water before snowtime. 


As of Oct. 1, 1956, 719,290 cu. yds. 


“of rock fill out of the required 3,687,- 


000 cu. yds. were placed. Work was 
proceeding at the rate of 12,000 cu. 
yds. a day. As of the same date, 1,540 
cu. yds. out of 82,000 cu. yds. of con- 
crete were laid. The diversion tunnel 
was complete, and work on the cutoff 
trench well along. Dreisbach Box and 
Lumber Company of Oakland had 
cleared about 31% of the 340 acres of 
timber to be removed. 

Two quarries, a main and a spillway, 
provide the fill and face rock for the 
dam. Drilling in the main quarry is ac- 
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complished with two Ingersoll-Rand 
Drillmasters drilling 6% in. diameter 
downholes, two Joy Challengers and a 
Gardner-Denver 143 for 4 in. down- 
holes and several Gardner-Denver Air- 
tracs drilling 2% in. horizontal lifters. 
Average drilling depth is 50 ft. with 
4 or 5 rows of holes the rule. In the 
spillway quarry, several Airtracs drill 
2Y% in. 32 ft. downholes with no lift- 
ers. 

Blasting in the main quarry is with 
5x25 cartridges as primer, Geladine 
3, then the rest 40% bag powder, alter- 
nating every month with Atlas, DuPont 
and Hercules powders. A 60% gelatin 
powder is used in the lifters. Prima- 
cord connectors with millisecond delays 
are used. In the spillway quarry, the 
procedure is similar, except that 2 x 12 
cartridges are used, and the blasts are 
set off by millisecond blasting caps. The 
average in both quarries is | lb. of 
explosive per cu. yd. 


In the main quarry, a Bucyrus-Erie 
120B 5% cu. yd. electric shovel, a 
Bucyrus-Erie 150B 6% cu. yd. electric 
shovel, a Northwest 80 2 cu. yd. shovel 
and a Northwest 95 with rock tong, 
assisted by two Caterpillar D8 Trac- 
tors, load ten Euclid 17 cu. yd. and 
three 21 cu. yd. rear dump trucks. In 
the spillway quarry, a  Bucyrus-Erie 
150B 6% cu. yd. electric shovel, with 
a D8 assisting, loads four 17 cu. yd. 
and a 21 cu. yd. Euclid trucks. 


Over a network of haul roads, main- 
tained by two Caterpillar No. 12 Motor 
Graders, the trucks carry the rock, un- 
loading in four lifts. Two D8s are sta- 
tioned on each lift to doze rock dumped 
by the trucks onto the side of the fill 
where it is sluiced by monitors. 


The dam is designed for approxi- 
mately a 2 ft. settlement the first vear 
in the somewhat loose granite forming 
its base. Thereafter, settlement should 
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slow to 1/10 ft. per year for a maxi- 
mum of 3 years. The sluicing insures 
against unexpected additional settling. 

Placing of the face rock is a job re- 
quiring pelle eyes and expert handling. 
Experienced rock men, measuring by 
eye boulders weighing 15-20 tons, se- 
lect each boulder and spot the location 
and angle it should be placed. Three 
Northwest 95 cranes pick up the rocks 
and gently maneuver and joggle them 
into place. Only occasionally is a jack- 
hammer needed to trim off an obstruct- 
ing corner. When complete, the face 
rock will be 16 ft. through at the top, 
swelling to 19 ft. at the base. 

In the cutoff trench, crews raced 
against the approach of winter to get it 
cleaned and the concrete set. Pick and 
shovel men in the trench mucked jack- 
hammer-broken rock into skips and 
clambuckets to be hoisted out of the 
trench and dumped by a Caterpillar D8 
Tractor with Hystaway Crane. 
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Almost exactly enough good concrete 
sand for the cutoff trenches, the faces 
and corings of both Courtright and 
Wishon Dams was found at the upper 
end of Coolidge Meadow. Good aggre- 
gate is also available there. M-W-P 
set up a Conveyco 210 tons per hour 
gravel plant and a concrete dry batch- 
ing plant. The crushed aggregate is 
stockpiled at the gravel plant where a 
Cat D6 Tractor with Austin overshot 
loader scoops and loads it into Euclid 
trucks for transportation to the batch 
plant as needed. 

Power for the buildings, floodlights, 
electric showels and monitors on the 
project is brought via highline from 
the Balch Powerhouse. However, one 
more inconvenience of the job is the 
occasional loss of power due to broken 
lines from the caprices of High Sierra 
weather and falling branches from the 
huge trees crowding together on the 
mountain slopes. Standby power—there 
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is a Caterpillar D4400 Diesel Electric 
Set standing by on floodlights and a 
D8800 for the messhall—is used in the 
few cases possible, but for the rest, it’s 
a matter of waiting out the failure. 


Supervising both Courtright and 
Wishon Dams are George ‘Thatcher, 
PG&E project manager; Charles Joslin, 
PG&E resident engineer; and Adolph 
Haidlen, M-W-P project manager. Bert 
Perkins is M-W-P’s general superin- 
tendent at Wishon; Guy Reid at Court- 
right. C. L. Dapron and Harvey Har- 
din are master mechanics at Wishon 
and Courtright respectively. 


Haas Powerhouse and Tunnel 


In November, 1956, a bid was let 
to Morrison-Knudsen Company, Inc., 
Henry J. Kaiser Company, Macco Cor- 
poration and B. Perini & Sons, Inc., to 
construct a $24,500,000 underground 


powerhouse, tunnel and tailrace on the 
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+ North Fork below Sawmill Flats. This 
f —the Haas Powerhouse—will be the 
| first large hydroelectric plant in the 


United States to be built entirely un- 
derground. By locating in and beneath 


wf the Sierran granite, PG&E will trim 
+ $750,000 from the original estimate, 
@ for the surface here is steep and jagged. 


| The job will be completed in 1960. 


Water to turn the Haas water wheels 


¥ will be drawn from Wishon Reservoir 


through a 6.2 mile, 13 ft. diameter 


horseshoe tunnel. From the tunnel por- 


tal, a 5,410 ft. long, 18 ft. diameter 
penstock will drop the water down the 
face of a cliff, through an 850 ft. near- 
ly verticle shaft to the turbines of two 
generators in the powerhouse. The shaft 
will first be used as an elevtor through 
which operating equipment will be 
lowered. 

A 2,000 ft. tailrace tunnel will carry 
the water to the 1,000 acre ft. Balch 
forebay below the Haas Powerhouse. 
No lining will be needed in any of the 
tunneling—the bore is through dense 
granite. 


The powerhouse itself will lie 550 
ft. below the mountainside—carved out 
of solid granite. Its dimensions will be 
65 ft. wide, 150 ft. long and 90 ft. 
high. A service building on the surface 
will connect via a stairway and eleva- 
tor to the machine hall. When com- 
pleted, the Haas Powerhouse will sup- 
ply 128,000 KW to PG&E’s lines. 

An access road from a road at Black 
Rock Ranger Station to the Haas site is 
nearly complete. Then Morrison-Kaiser- 
Macco-Perini will start tunneling into 
the rock to carve out the cavern. From 
there, they will dig upward to form the 
shaft through which the penstock will 
later pass. Mucking from below is 
cheaper, letting the rock fall, then haul- 
ing it out the nearly horizontal access 
tunnel, rather than lifting it vertically. 

The altitude of the Haas Power- 
house is 4,106 ft. The snows at this 
elevation are not, generally, unreason- 
able. This, combined with the primar- 
ily underground nature of the work, 


will enable the contractors to work 
through the winter. 
PG&E has not decided, as yet, 


whether the new plant will be con- 
trolled automatically from Balch Pow- 
erhouse or manually. The primary ques- 
tion is whether or not children of em- 
ployees living at the site, if the manual 
method is adopted, will be able to get 
to school in winter. 


Balch Powerhouse and Tunnel 
The Balch Powerhouse has been in 


service since 1927, with an output of 
34,500 KW. Its tunnel, also existing, 
carries water from the forebay through 
a 314 mile bore to the face of Patter- 
son Cliffs. From there, the water 
plunges in a 2,389 ft. drop through 
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A two and one half cubic yard shovel loads blasted rock into dump trucks 
preparing the foundation for an addition of Balch Powerhouse. 


a 4,000 ft. penstock to the Balch Plant, 
then through a tailrace to the afterbay. 


Balch Powerhouse is located at the 
1,708 ft. altitude, about 2 miles above 
the juncture of Dinkey Creek with the 
North Fork. At the juncture is Balch 
Camp, headquarters of the Kings River 
Project. 

Morrison-Walsh-Perini is now at 
work enlarging the plant’s foundation 
to provide space for two generators that 
will up the capacity to 94,000 KW. An 
addition to the present plant, a second 
penstock, an enlarged tailrace and an 
increase in the size of the existing fore- 
bay and afterbay dams are included in 
the contract. The expansion will cost 
PG&E 12,860,000 and is scheduled for 
a 1959 completion. 

Currently, the work of the plant in- 
volves excavating 5,000 cu. yds. of 
granite from the streambed for the pow- 
erhouse and turbine foundations. The 
rock is drilled by wagon drills, blasted, 
and loaded into Euclid 17 cu. yd. rear 
dump trucks by a Northwest 6114 cu. 
yd. shovel. The rock is dumped, then 
dozed into position by a Cat D8 Trac- 
tor, to form a solid fill for the new 
plant addition. 

To serve the new generators, a new 
4,000 ft. penstock will descend Patter- 
son Cliffs alongside the existing one 
from the surge chamber at the portal 
of the Balch Tunnel. Water plunging 
through these tubes will hit the water 
wheels at a speed of 261 mph. and with 
a force of 72 tons per sq. ft. 

Partway down the face, a road is 
chiseled out of the cliff. On the road- 


side is the tramhouse for the almost 
2,000 ft. tramway built to transport 
men and materials up and down the 
face of the cliff to build the penstock. 
Another 2,000 ft. tramway leads from 
the road up to the head of the pen- 
stocks. A 200 HP electric motor in the 
tramhouse turns a 534 ft. diameter 
drum through double reduction gears. 
The drum winds and unwinds a 1% 
in. cable to lower or raise the tram car 
on its dizzying journeys in and out of 
the gorge. Two hand operated individ- 
ual brakes and one automatic brake 
stop the drum if the motor mechanism 
or electric power should fail. 


In the Spring of 1956, a fire at 
Balch Powerhouse caused the shutdown 
of the generator. During the shutdown, 
M-W-P enlarged the tailrace tunnel 
to carry the prospective larger volumes 
of water, and built a bulkhead to per- 
mit operation of the plant while the 
addition is under construction. 

Both the forebay and afterbay con- 
crete arch dams are being enlarged to 
permit closer regulation of river flow 
when the Kings River Project is com- 
plete. From the Balch afterbay, a tun- 
nel will lead to the Kings River Pow- 
erhouse. 


Kings River Powerhouse and Tunnel 


Below the juncture of the North and 
the Middle and South Forks of the 
Kings River, where the stream begins 
to widen into Pine Flats Reservoir, 
8.2 miles downstream from Balch Pow- 
erhouse, PG&E plans the Kings River 

(Continued on Page 62) 
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*Twas the night before Christmas 

and all through the Kremlin 
Not a creature was stirring 

but the Russky’s chief Gremlin. 


The stock market rose 

with the Sputnik in sight, 
And American industry 

slept well that night. 


The students were settled 

all snug in their sacks, 
While visions of missiles 

chilled up their backs. 


While I in my nightshirt 

and Ivy-league cap, 
was settling down for 

a pre-party nap. 


When what to my study-dazed 
eyes should appear, 

But a rocket-borne gremlin 
alighting quite near. 


First like a jolly good guy 
did he seem, 
Till I saw that his eyes 
had a wicked red gleam. 


He had pointed ears 

and his mouth was so huge, 
His checks they were rosy, 

with the famous Red rouge. 


3efore Christmas 


The Gremlin he spoke 

in poetniks iambics, 
And said much of plots 

and Red aerodynamics. 


Laughingly he dropped down 
from the missile, 
And filled all the stockings 
with Communist gristle. 


We wondered what he had 
brought for a gift, 

*Twas just more propaganda 
to widen the rift. 


Then laying a finger aside 
of his nose, 
“Bah Humbug” he said 


and up the chimney he rose. 


Astounded I watched to see 
what he would do, 
And heard him call out 
to his eight-rocket crew: 


On sputnik, on mutnik, 

on plotznik and Lenin, 
On Commnik, on cupnik 

on Trotnik and Blitzkrieg. 


But I heard him exclaim 

as he sped out of sight, 
Merry Christmas to all 

and to all a good fight. 


(Continued on Page 52) 
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June 25—1400. We land in two 
hours. The men are quiet. I’m sure the 
four of us are thinking the same 
thoughts: what will happen when we 
land? Will they believe us? 

Through the thick, clear glass win- 
dows in the front of the ship we can 
look straight ahead and see the distant 
earth. We are too far away to be able 
to distinguish anything definable other 
than the difference between the land 
and the sea. 

But soon we will see that form is 
form, color is color and everything is 
real. 

Evan replaced the log and pencil in 
the small cubicle at the foot of his 
bunk. Then, on second thought, he 
picked the leather-bound book up again 
leafing through the pages. 

The first writing he encountered was 
a list he had made up of the ship’s per- 
sonnel. 

Ritt, Scott M.—captain 

Fallon, Michael R.—navigator 

Gentry, Roy—radio operator 

Under each of the names was a long 
detailed list of the physical and psycho- 
logical characteristics. Evan had com- 
piled the lists during the six months of 
training they had just completed. He 
recalled his own purpose in being present 
on the first expedition into space. 

He was the ship’s doctor. He grin- 
ned to himself as he thought of his of- 
ficial titl—Evan Hood, Medical Of- 
ficer. His duties consisted of observing 
the behavior of the crew during the 
flight and to report their actions in his 
log. 

And he had reported what had hap- 
pened. But would anybody believe it? 
He turned to the first page of his re- 
ports. . 

June 11—0400. Two hours before 
take-off. We are sitting in the control 
cabin. In a few minutes the gear crew 
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will be here to help secure us into our 
bunks. 

Ritt has given us a last minute brief- 
ing, although it was hardly necessary. 
Each of us knows exactly what his 
duties are after we have recovered from 
the effect of the take-off. 

All conversation ended when Gentry 
started to light a cigarette. 

“You damn _ fool,’ snapped Ritt. 
“The fuel intakes are still open. You 
want to blow us to hell?” 

Gentry looked surprised and did not 
answer. 

Then the gear crew came and we 
lay down in our bunks. 

There is still no conversation. 

But don’t the first men in space have 
a right to be nervous? 

June 11—0900. We have been in 
space for five hours. Everything seems 
normal enough. We all suffered severe 
headaches for about fifteen minutes 
after the effect of the sudden thrust had 
lessened. We all passed out at take-off. 

The last sound I remember prior to 
the blast was the noise of the primed ig- 
niters firing. Then there was a muted 
screech and a loud hum. At this moment 
the hum has become a whispering sound 
that is barely audible. Everything 
seems to be in good order. 

Fallon was the first to leave his bunk, 
and he has spent the past few hours 
before a mass of instruments that en- 
tirely cover one wall of the cabin. He 
has been too preoccupied to join in the 
smattering of conversation that has gone 
on between the rest of us. 

Mike Fallon is the quiet member of 
our crew. His sober air contrasts rough- 
ly with the roughness of Ritt or the 
heavy humor of Gentry. 

Mike has received more abuse from 
Gentry than any of the rest of us. The 
radioman seems to take delight in in- 
sulting Fallon, but the navigator seems 
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to be above Gentry’s inane remarks and 
this only serves to make the radioman 
gibe harder in that hard, whining voice 
of his. 

Ritt was the second man to leave his 
bunk and was followed by Gentry. The 
captain and Fallon settled in the two 
seats in front of the cabin and soon 
were engrossed in checking and com- 
puting another mass of instruments. 

Fallon pressed a toggle switch on the 
side of his chair. From the floor rose 
what looked like a huge, square box 
that was smooth on top and_honey- 
combed with holes on the side nearest 
the navigator’s seat. Fallon withdrew 
several maps and charts from the holes 
and set to working with a compass and 
triangle. 

He jotted down several figures and 
turned to Ritt. 

“We're all set, Captain. According 
to schedule we should be doing 18,000 
an hour and should be at 27,000 right 
now.” 

Ritt glanced at the instruments. 
“That’s right. Another three thousand 
and we turn control over to base con- 
trol.” 

He turned in his chair. “Gentry.” 

“Yeah, Skipper.” 

“Contact the base and tell them we 
are all set and that we'll switch to 
their control at the prescribed time.” 

“Right.” 

I hadn’t heard about the switching 
control phase of the flight and asked 
Ritt what it was all about. 


He grinned. ‘“What’s 
Doc, feel left out?” 

He became serious. “We have no 
way of knowing whether our basis for 
making astronomical calculations are 
valid. Up here we can’t be sure our 
relative position to earth is what the 
instruments say they are. But because 


the 


matter, 


we have to be sure of our calculations, 
we have to turn control over to earth. 
Otherwise we'd have to calibrate a 
whole new system of calculation.” 


“Then actually we turn into nothing 
but a guided missile. For the next few 
weeks we are to roam all around the 
stars by remote control.” 


He nodded and looked out the glass 
windows. “It’s a strange thing when 
you think of it, Doc. Right now we 
are relative to nothing and that makes 
nothing relative to us.” 


I thought about this for a second. 
“You know, Ritt, that’s a paradox. 
How can you be in a position relative 
to nothing?” 


But the captain had turned back to 
his instruments and was not listening. 


I looked past his shoulder through 
the window and found some comfort in 
the vast panorama of jewel-like stars 
in intermittant flashes of meteors. 


Relative to nothing. 


The next few entrys were standard. 
Hood recorded the attitudes of the 
men as the assignment progressed. There 
was no bickering or arguing except for 
a few hard words between Fallon and 
Gentry. 

The flight was going as planned— 
smoothly and without difficulty. Evan 
scanned the first twenty or so pages of 
the book and then stopped to read one 
long passage. 


June 15—1700. This day has been 
strange. The men feel that because we 
have no ultimate destination we are 
doing nothing but wander aimlessly 
around the heavens. They have not ex- 
pressed this feeling in so many words, 
but it is the way I feel right now. 


There is a certain tension in the air 
that is difficult to describe. The men 
are relaxed and go about their various 
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duties with their usual efficiency, but 
occasionally I will see one catch him- 
self making a mistake. 

In the past four days there has been 
little time for conversation, yet we feel 
all talked out—as though we had 
known each other all of our lives and 
had nothing unusual to discuss. 

Even the ceaseless emptiness above 
and below the ship has somehow 
changed. I think we are all aware of 
this small difference, but no one men- 
tioned it until this morning when Fal- 
lon looked up from a chart he was 
poring over and cursed. 


Ritt turned in his chair. ‘“What’s 
wrong, Mike? Miscalculate some- 
thing?” 

Fallon shook his head. “There’s 


something the matter with this astro 
chart. I can’t get our fix to jibe with 
our scheduled position.” 

“Tet me see the chart and your fig- 
ures.” 

Fallon passed the papers and Ritt 
and the captain leaned over them for 
a moment and handed them back. 

“Probably some discrepancy in the 
chart. Got another?” 

Fallon withdrew another map from 
the honeycombed stand and laid it out 
before him. A few minutes later he 
shook his head. “Same thing, Skipper. 
According to our schedule we should 
be right here.”’ He indicated a spot on 
the map with his pencil. 


“Our instruments say we're right 
here.’ He moved the pencil down half 
an inch. “If this keeps up, we'll be in 
an inverted relative position to earth.” 


“What's that mean?” I asked. 


Fallon scratched his ear with the pen- 
cil. “It means we'll be going in a di- 
rection opposite to the one we should 
be going in.” 

Before I could say anything, Ritt 
called Gentry. “Radio the base, and 
tell them our charts and instruments 
don’t jibe. Ask for instructions and a 
Fadar fix. 


We could hear the clatter of the key 
as the radioman relayed the message. 
After a few minutes of silence, the 
return answer came and Gentry hand- 
ed it to Ritt. The captain smiled. 

“Nits. Ou" Ine saick “dened 


that we're right on course.” 


says 


His reassuring grin eased the air of 
expectancy that had settled over us, and 
we went back to our work. I picked 
up the log and glanced out the windows 
in the front of the ship. 

The stars still glimmered, and the 
meteors occasionally flashed by, but they 
seemed somehow different—as though a 
thin veil of fog was surrounding them. 

Evan turned several more pages and 
stopped once again. 
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The changes begin 


June 17—0700. There is something 
present that has left us all a bit on 
edge. It is not an attitude or an emo- 
tion, so | am at a loss as to how to 
explain it in writing. 

It might be called a premonition of 
vagueness. Something intangible and 
dim and present that has an aura of 
expectancy about it. 

We first noticed it an hour ago when 
we awoke and started to make our 
toilets. Fallon was the first to express 
it. He had set a small table mirror on 
the edge of his bunk and was raising 
the electric shaver to his face when he 
stopped and stared at his reflection. 

“Say, you guys think I’m_ losing 
weight ?” 

He ran his hands over his face. “I 
seem to look thinner this morning. Face 
doesn’t seem as filled out as it was.” 

He turned to us and his eyes widened. 
“Say, you guys look like you’ve lost a 
few pounds overnight, too.” 

Gentry laughed and hopped out of 
this upper bunk. ‘‘Mike, you’re going 
space happy.” 

He picked up the mirror and looked 
into it. “Hey! I do look thinner.” 

Ritt grabbed the mirror and looked. 
Confusion appeared on his face. 

“What in the hell’s this all about. 
We couldn’t lose so much weight over- 
night. Could we, Doc?” 

I was just as confused as the others. 
“T don’t know, Ritt. Maybe we've just 
not noticed it until now.” 

Fallon was looking at his reflection 
gain. “I don’t know Doc, I look like I 
lost fifteen pounds.” 

But my explanation seemed to sup- 
ply the answer and we settled down 
for the day. But once in a while I 
would see one or the other of the men 
feeling his face and staring at the 
others. 


Overnight disaster 


June 18—0700. In twenty-four hours 
we have changed from human _ beings 
into creatures we have never seen or 
believed existed before. It is even diffi- 
cult for me to write. 

The pen in my hand no longer re- 
sembles a pen. It has a shape impossible 
to describe. 

The hand holding the pen is not a 
hand. It is something huge and flat and 
triangular. 

The words I write are still words, 
but they have taken different shapes 
and I cannot read what I have written. 

Our speech has not been affected and 
we can still communicate verbally. 

I was awakened this morning by a 
yell and a loud scream. It was Gentry. 

Then I heard the others cursing and 
yelling. I opened my eyes. 


The cabin was not the cabin. It 
was an immense hodgepodge of form 
and shape. It looked like a bomb had 
been set off in its center. Everything 
was unfamiliar. 

Then I saw shapes moving. I cringed 
as one came toward me. I put up my 
hand to ward it off. I knew it was my 
hand, but yet it was not. 

The shape leaned over me. “Doc?” 
It leaned closer. “Is that you, Doc?” 

It was Ritt! Two other shapes came 


beside the first. 


“What ... what’s happened? Ritt, 
is that you?” 
“Yes, it is. Keep your head, Doe. 


Don’t scream.” 

“But, what’s happened.” 

“T don’t know. I woke up when Gen- 
try screamed. But when I got out of 
Dede eae: 

He didn’t have to say anymore. I 
was experiencing the same feeling. It 
was horrifying. 

Nothing was familiar, only the voices 
coming from the shapes. I looked to see 
what my body was and screamed. 

Something that felt like a hand struck 
me on my cheek. 

Ritt’s voice was filled with urgency. 
“Doc, we've got to keep calm about this 
and think it out. What’s happened to 
us? How did it happen? 

One of the other shapes moved to 
Ritt’s side. “What I can’t understand 
is how we can still talk and hear. If 
our sight has been changed why not the 
rest of our senses.” 

I recognized Fallon’s voice, and I 
realized that what he was saying made 
sense. The confusion caused by the 
shock of seeing myself was beginning to 
leave my mind. 

“You're right, Mike. Everything is 
changed except our hearing and ability 
to speak.” 

A sudden thought came to my mind 
and I went to where I thought the 
front of the cabin would be in relation 
to my bunk. Everything was out of pro- 
portion and unshapely. 

There was something projecting up 
in front of me and I brushed by it. 
The thing that was my hand touched 
it, and I recognized the resilient feel 
of smooth leather. I leaned closed and 
the familiar smell of the material came 
to my nose. 


The other three joined me. I could 
tell some difference between them now. 
Ritt was still heavy and blocky and 
wider, but his shape was abstract and 
comparable to nothing. Fallon was a 
long narrow streak of form and Gentry 
was rounded and oblong. 


“You found something, Doc?” asked 
Ritt. 

“T think so. This is one of the-seats 
in front of the cabin. It still feels: and 
smells like leather.’ 


They inspected the shape and agreed. 
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“Well,” said Ritt, “that means we 


possess all of our senses except for 
sight.” 
“Yeah,” remarked Gentry, ‘but 


what’s doing the affecting.” 

My original purpose in coming to the 
front of the cabin came back to mind 
and I looked at where I knew the 
glass windows should be. The sight 
amazed me. 

“Look!” I exclaimed, “Look out the 
windows!” 

The shape that was Ritt whistled. 
“My God!” 

Where before there had been dark- 
ness and stars was now a vastness of 
color unlike any shade known to man. 
It was brilliant and it was dull. It was 
lightened and darkened by streaks and 
shades of other colors unknown to us. 
We stood silently for a long time. 

Under Ritts direction, we spent the 
next several hours orientating ourselves 
to surroundings we have spent over a 
week in. We found that to the touch 
of everything was still the same shape. 
But we had to go over the whole cabin 
in order to recognize it again. 

While I busied myself with writing 
~ the alphabet on a sheet of thin sub- 
stance that felt like paper, but was not, 
the others tried to search out the ma- 
terials for their respective work. 

Gentry is sitting at his radio set, feel- 
ing the switches and knobs. Fallon has 
spent the past few hours pouring over 
his maps and charts without any suc- 
cess. The lines are no longer lines, the 
figures no longer figures. 

Ritt merely sits in his chair and looks 
out the window at the emptiness of 
color. 

The shock has worn off all of us by 


now, and once again we are working as 
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a team. But we are fighting something 

that is the hardest of all to fight. Some- 

thing we can not even recognize. 
Ourselves. 


Who would believe? 


June 20—1400. We have at last 
established contact with earth. We told 
them what has happened and were or- 
dered to repeat the message. Patiently 
Gentry transmitted on the equipment 
he has had to learn to use over again. 

The answer was long in coming and 
we sat around waiting. Once Fallon 
began to chuckle. 

“What's so funny?” asked Ritt. 

Fallon laughed out loud. “Can you 
imagine all those guys running around 
down there trying to make sense out of 
that message.” 

The thought struck us as funny also 
and we all laughed. 

It was a weird feeling to hear hu- 
man laughter coming from such inhu- 
man shapes. 

Ritt was chuckling. ““You know, that 
would be something to see. They must 
think we’ve gone space happy.” 

“Too bad they can’t be here with us. 
Then they'd really flip.” The shape of 
Gentry approached us. “Say, Doc, you 
been quiet for a long time. What you 
thinking about?” 

“How,” I replied. 

“How?” his voice sounded blank. 

“Yes, how did this happen? What 
caused it?” 

“T don’t know, Doc, but there’s one 
thing for sure.” 

“What's that?” 

“This is not only the first space ship 
to leave earth, it’s probably the last. 
There just isn’t anyplace to go.” 
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“Hell,” said Fallon, “they can guide 
us to another planet by remote control 
if they want to.” 

“T don’t know about that,” said Ritt. 
“What good would it do. If we found 
anything new we wouldn’t recognize it. 
Just take a look out those windows. 
Nothing.” 

It suddenly occurred to me that he 
was right. There was nothing out there, 
only color. 

“How can nothing refract light?” I 
was asking myself the question, but Ritt 
cursed. 

Doc. That's 


“Damn, you're 
got to be it.” 


right, 


Gentry was confused. ‘“What are you 
two talking about?” 

Still reasoning it out to myself, I 
said. ““We are born on earth and grow 
up seeing things around us. We become 
familiar with those things. When we 
see something new, we associate it with 
what we've already seen and it assumes 
dimensions we are familiar with.” 

“You're right, Doc,” said Ritt. “And 
the reason we’re familiar with them is 
because our vision is used to the ways 
that light rays bend and reflect.”’ 

“Yes, and on earth they always bend 
and reflect the same way.” 

“Then that’s what’s happened. Here 
in space, the light rays act different 
than they do on earth. Since our vision 
is used to them behaving in only one 
way, when we encounter another every- 
thing appears out of shape to us.” 

“You mean to say,’ said Fallon, 
“that actually we haven’t changed at all, 
but that the light rays hitting us have 
made us look different.” 

“Thats right: 

He grunted. “It’s like the hall of 
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mirrors in an amusement park. Every- 
thing looks distorted, but isn’t.” 

Ritt moved to the front of the cabin 
and stared out the windows at the color. 
“Then what is out there, Doc?” 

Before I could answer, the radio set 
started beeping and Gentry’s shape 
moved toward it. We waited until he 
received the message and came back to 
us. 

“They think we’re nuts.” 

“No wonder,” said Fallon. 

Gentry continued. “Earth control is 
going to cut the flight short and guide 
us back to base.”’ 

“Anything else?” asked Ritt. 

“No, that’s it, Skipper.” 

Ritt was silent, but we knew what 
he was thinking. 

They were bringing us back. They 
think we are out of our heads. What 
kind of reception will be waiting for 
us? 

What’s more important, when we do 
get back, will everything return to nor- 
mal or must we four continue to live 
in what Fallon calls a “hall of mir- 
rors?” 


Reversal 


June 24—1900. Tomorrow we land. 
What kind of reception will we have? 
When we first started this trip we joked 
about the wine, women, and song that 
would be ours when we returned. The 
first men in space. We'd be famous. 
But now, what will there be? 

The change occurred this time when 
we were all awake. 

Yesterday morning we awoke still in 
shapes. We started to do what we have 
done every day since the change. There 
was little conversation. 

Toward the middle of the day, Gen- 
try let out a loud yell. “Hey! We're 
changing again.” 

We watched each other amazed. 

The change took only a few min- 
utes. Slowly the room began to take on 
familiar form. The first thing defin- 
able were the corners, then the walls 
began to appear. It was as though some 
giant hand was molding them out of 
clay. 

I looked at Ritt. The blockiness of 
his shape began to delineate and form 
proportionately. And suddenly it was 
Ritt. 

I looked down at my body. A wave of 
great relief spread through me as I 
saw my legs and torso assume _ their 
usual form. The others were normal 
also. 

Ritt immediately went to the control 
seat and noted our exact altitude and 
position. He told Gentry to call the 
base and tell them everything was back 
to normal again. The radioman obeyed. 

Then, as though a wave of gas spread 
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over us, we became very tired and 
sleepy. Then I felt a sharp blow on my 
forehead, but no one had hit me. 

The pain seized my whole head and 
I grabbed at my eyes. The others were 
doing the same. 

The pain increased and we writhed 
on our bunks. It felt like someone was 
running red hot needles up and down 
the inside of my eyes. 

Soon the pain began to lessen and 
then it was gone entirely. I sat up. We 
were all breathing heavily. 

I walked to the front of the ship 
and sat in Ritt’s chair. Once again the 


panorama of stars and meteors filled 
the sky. 

Ritt slid into the other chair. “All 
right, Doc?” 

I nodded. 

He glanced at the instruments betore 
him. “We should land in eighteen 
hours.” 


“What happens then?” 

He shook his head. “I don’t know, 
Doc. I don’t know.” 

I felt tired and returned to my bunk. 
Before I dropped off to sleep, I glanced 
at Ritt. 

The captain was sitting very still 
staring out the glass windows watching 
the beauty of a heaven that was not a 
heaven. 


Landing 


June 25—0900. The landing is near. 
Earth can be seen through the win- 
dows. 

The relief that followed the return 
to normalcy has changed into fear of 
what our reception will be. I do not 
doubt that it will be a form of hell. 


Every conceivable method of inter- 
rogation will be thrown at us. Prob- 
ably they will even administer sodium 
penathol. But our answers will always 
be the same. 

The men are quiet. Gentry and Fal- 
lon are playing a game of cards. Ritt 
is once more sitting in his chair. 

Ground control is not letting us land 
the ship. When Ritt told us this he 
grimaced. “They probably think we’ll 
run away with their precious ship. They 
don’t want us to touch it.” 

We have been in voice contact with 
the base for the past several hours, and 
a thousand questions have been asked. 
Ritt has refused to answer, replying 
that when we return they will get the 
information. 

“Tell them to wait,” he told Gentry. 
“They'll hear plenty when we land.” 

He turned to Fallon and me. “They 
probably have the loony wagon waiting 
for us as it is. No sense stirring ’em 
up any more than we have to.” 

He looked at Fallon. “We land in 
three hours, Mike. Get everything ready 


in case we have to take over. They 
might have trouble getting us in, and 
we'll have to take over.” 

We all got into position and waited 
for the landing. 


Reflections 


The bar was noisy and ordinarily 
Evan wouldn’t have gone in. But the 
patients had crowded into his office all 
day and felt a drink would do him 
good. 


He made his way to the bar and or- 
dered a drink. When it arrived, he took 
a sip. The cool biting liquid felt good 
going down and he relaxed slightly. 

“Hey, Doc, how are you?” 


The voice was familiar and he jerked 
his head around. 


Ritt stood beside him. 


“Well, Scott, it’s good to see you.” 

Ritt ordered a drink and sat beside 
him. ‘‘How’ve you been, Doc? Haven’t 
seen you since, 2 

Evan nodded. It had been two years 
since the ship had landed. And _ they 


hadn’t seen each other since. 

“Have you heard from Gentry and 
Fallon?” he asked. 

Ritt nodded. ‘Yeah, last I heard 
Gentry’s working for some electrical 
firm in the east, and Fallon’s teaching 
school.” 


“That's 
doing?” 

He shrugged. “O. K: Pilotingsfes 
an airline. How about you?” 

“T’m back in practice again. Making 
money hand over fist.” 

Ritt laughed. ‘‘Aren’t we all?’ He 
picked up his drink and finished it. 

Sliding off the stool, he patted Evan 
on the arm. “See you around, Doc. 
Next time I’m in town I'll give you 
a buzz.” 

When he was gone, Evan ordered 
another drink. But it tasted flat. He 
paid the bill and left the bar. 

Night had fallen. The cool air felt 
good on his face and he increased his 
pace to catch more of it. 

He turned onto the street where he 
lived and his own words came back to 
him. “Making money hand over fist.” 

He looked up at the sky. The night 
was clear and there were no clouds. 

He stopped and watched the stars 
glimmer. Seeing Ritt had brought back 
memories he wanted to forget. 

There had been other trips. Several 
of them. But the ships always returned 
and the men always told the same 
story. 

And finally a decision had been 
reached. Man could never reach the 
stars. ie 

There were no stars. 

There was no future. 

There was only earth. 


good. How’ve you been 
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Yes, YOUR help is needed. Engineering Open 


House and St. Pat's Ball are coming up soon, and 
they need your help to make them a big success. 
Whatever your schedule, whether you can spare 
one hour or a dozen, do your share. The men to 


call are: 


Open House: 
John Brennan—604 E. Armory, C—6-7266 


St. Pat’s Ball: 
Ray Borelli—1111 S. First, C—6-3314 


DO IT TODAY! 
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Boron... 


The 
Magic 


~ Hardener 


by Jerry Cook 


A look at what a little boron can do toward increasing the depth of hardness in metallic parts 


An innovation in modern metallurgy 
promises good news to owners of earth- 
moving equipment. Setting an industry 
precedent, the element boron is_ being 
used to measurably increase the life of 
crawler tractor sprockets. Marketed 
under the trade name Boralloy, these 
sprockets are now standard equipment 
on Caterpillar D8 and D9 Tractors. 

Representing the first commercially 
successful attempt to produce boron- 
bearing cast carbon steel by the acid 
open hearth process, the Borally sprocket 
was developed as a cooperative research 


—> 


The white areas show the depth of 
hardness possible by the addition of 
minute amounts of boron to the metal. 
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Steel being poured into flasks at Harrison Steel Castings Co. More than 20,000 Boralloy sprockets 
have been poured here since October, 1956. (Photos courtesy Caterpillar Tractor Co.) 


project between Caterpillar Tractor Co. 
and Harrison Steel Castings Company. 

Boron, an unglamorous element until 
recently, is now widely acclaimed as a 
worker of miracles. Boron compounds 
are finding literally hundreds of uses. 
Still in its infancy, boron chemistry is 
opening up brand new concepts in the 
fields of automotive fuels, jet and rocket 
fuels, plastics, pharmaceuticals, nuclear 
handling and control equipment, abras- 
ives and super alloys. 

The use of boron is hardly new. The 
ancient Syrians used a borax flux when 
forging their renowned Damascus 
swords. Millions of tons of this abun- 
dant element have been mined in the 
United States since deposits were first 
discovered in Death Valley over a cen- 
tury ago. Carted from the arid, below- 
sea level part of California’s Mojave 
Desert by the legendary 20 mule team, 
(18 mules and 2 horses) the bulk of 
borax production found its way into 
laundry products and glassware. 
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Actually, the steel industry has con- 
sumer relatively small amounts of boron 
compounds. A little bit goes a long 
way. 

In steelmaking, minute amounts of 
boron are added to improve depth of 
hardness resulting from heat treatment. 
The ability of boron to produce depth 
of hardness, or “hardenability,’ has 
been recognized for many years, and 
boron additives have virtually no effect 
on the other properties of steel. Experi- 
ments with boron steels were conducted 
as far back as 1890. In 1924 the first 
patent was granted for a process to in- 
crease hardenability through boron ad- 
dition. 

Researchers experimented with boron 
steels for many years before any seri- 
ous effort was made to produce them 
commercially. World War II forced 
an intensive search for new substitutes 
which would supplement the dwindling 
supply of manganese, vanadium, nickel, 
chromium, and other critical alloys. 


Boron was one of the first substances 
to receive extensive examination. 

Under the direction of the SAE War 
Engineering Board, Caterpillar began 
its first large scale operations with 
boron steel. “Caterpillar project’? was 
the brainchild of two men, G. C. Riegel, 
former Caterpillar Chief Metallurgist 
—now retired, and Norman ‘Tisdale, 
presently Vice President of Molybden- 
um Corporation of America. 

Altogether, 13 companies shipped 
boron steels to Caterillar and other or- 
ganizations for testing. As a direct re- 
sult of these tests several types of boron 
steels proved to be suitable alternates 
for many conventional steels of higher 
alloy content. By 1945, a great amount 
of boron steel had been used in the man- 
ufacture of tractor parts and other war 
material. 

The first applications in which boron 
steels were used included large diameter 
studs and bolts and certain relatively 
new low-alloy steels of the 8600 plus 
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A view of the charging floor at Harrison Steel Castings Co. The men (C. E. Dickey, Harrison Works 


UN 


mgr., J. R. Sloan, Caterpillar metallurgist, G. L. Harrison, Harrison V.P., B. A. Lawson, Harrison 
Chief Metallurgist) each played an instrumental role in the development of the Boralloy sprocket. 


boron series. This steel was used mainly 
in heavily loaded parts of large section. 
A later achievement, the 9400 plus bor- 
on series, was developed for shafts and 
gears. This series had an even smaller 
alloy content. In some cases, the addi- 
tion of boron permitted critical alloys 
to be reduced as much as 75% of the 
former required amounts. 

When World War II ended many 
steel manufacturers returned to the con- 
ventional alloys. A few companies still 
continued to use considerable amounts 
of boron-containing steels. 

The Korean conflict once again 
brought tight control of critical alloys. 
Not only had World War II taken the 
best grade ores from our natural stock- 
piles, but military uses required richer 
alloys than ever before. Once again the 
steel-makers took a long and _ critical 
look at the possibilities of boron. 

One development during this time 
was the use of boron in cast steel armor 
for tanks and tank transmission cases. 
The boron-containing armor plate could 
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be heat-treated to a considerable depth 
without using large amounts of critical 
alloys. Foundries later adopted this 
process to fortify medium alloy steel 
in high wearing, heavy section parts. 
Boron had found its first wide usage 
in heavy steel castings. 


Early in 1955 metallurgists began 
discussions with Harrison Steel Cast- 
ings Company concerning the possibil- 
ity of increasing the depth of hardness 
of sprocket wearing surfaces. 

As the “Harrison” talks progressed 
it was decided that boron or molybden- 
um might achieve the sought after hard- 
enability. Although Caterpillar had con- 
siderable experience with boron steels 
(consumption since 1951 in excess of 
50,000 tons), very little could be pre- 
dicted about its reaction in cast carbon 
steel. Molybdenum did offer somewhat 
better possibilities but the project met- 
allurgists decided to try boron first. 

A choice of furnace practice had to 
be selected. The method chosen had to 
gain the same results, heat after heat. 
Up to 1955 boron had been added to 
steel almost entirely by the basic elec- 
tric furnace process. Although Harrison 
had electric furnaces, the decision was 
made to try the experimental heats in 
the acid open hearth furnace. 

“One good reason for going to acid 
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open hearth practice,’ explained C. E. 
Dickey, Harrison Works Manager, 
“was the need for exact control of the 
melting process and the greater pro- 
ductive capacity of our open hearths.” 
The decision involved considerable risk 
of time and materials. 

“We knew the process was complete- 
ly untried,” said B. A. Lawson, Harri- 
son’s Chief Metallurgist, “but, if it 
worked, the improved castings would be 
well worth the gamble.” 

The acid open hearth furnaces at 
Harrison resemble large soup bowls 


with dome-shaped roofs. Alternating oil- 


fired jets of flame are shot across the 
top of the metal to be melted. The 
furnaces are entirely lined with a re- 
fractory brick which contains the mol- 
ten metal at temperature approaching 
3000°F. The process gets its name from 
the special acid silica sand lining which 
helps prevent the furnace bottom from 
burning out. 


Before the method of steel making 
was agreed upon, metallurgists on the 
project had pored over every available 
scrap of information relating to boron 
steels. The success of the venture de- 
pended upon not only creating the neces- 
sary hardenability, but also keeping the 
steel’s other properties intact. 

Several factors were of utmost im- 
portance. Scrap had to be carefully se- 
lected since undesirable elements could 
upset later steps in deoxidation. Deoxi- 
dation is a process which removes car- 
bon and oxygen by introducing a chemi- 
cal reagent to the molten steel and is 
necessary to insure a high degree of uni- 
formity in the steel’s composition. Rigid 
control of the furnace schedule and tim- 
ing of the deoxidation practice were criti- 
cal. The addition of the boron com- 
pounds had to be made at exactly the 
right time. Finally, the chemistry and 
amount of the boron compounds had to 
be just right, Even a slight variation in 
the control of any one of these factors 
would lead to the failure of an entire 
heat. 

The Harrison foundry was well 
equipped to handle these exacting condi- 
tions. In addition to its excellent facili- 
ties, the foundry’s personnel are experi- 
enced in working as a well coordinated 
team. Credit for the success of the proj- 
ect is due in large part to this ability. 

On December 13, 1955, the first ex- 
perimental heat was made. Preliminary 
results were very encouraging. ‘Tests, 
made from samples of the first boron 
steel heat, indicated a hardness depth 
2% times greater than that of straight 
carbon steel of the same chemistry. Tests 
were also made at the Caterpillar metal- 
lurgical laboratory to further confirm 
these results. 

In all, a total of 7 heats, of 25 tons 
each, were made in order to determine 
the exact melting practice. From these 


DECEMBER, 1957 


Pom 


Inspection of each Boralloy sprocket includes a careful check of tolerances 


to insure uniformity. 


heats the correct amounts of boron ad- 
dition, deoxidation practice, yield, and 
the best method of working each heat 
was developed. It is interesting to note 
that the amount of boron compounds 
added to each heat is less than .005 per- 
cent of the steel’s total composition. 


After some initial development it was 
decided to stop further work with other 
elements. Ralph Sloan, Caterpillar met- 
allurgist who actively collaborated with 
Harrison throughout the project, com- 
mented, “During the experimentation 
period, two heats containing convention- 
al alloys were made. We found, how- 
ever, that the boron-bearing steel was 
so promising that other approaches to 
the problem were abandoned. The con- 


ventional alloys proved unsatisfactory 
because the sprockets developed crack- 
ing problems during the heat-treating 
process, as well as failing to produce 
the desired increase in hardenability.” 

Following confirmation of these tests, 
patterns of the sprockets were changed 
in order to provide enough metal sec- 
tion to effectively utilize the depth of 
hardness developed in the boron steel 
during conventional heat treatment. 
After design changes had been made 
and preliminary results were carefully 
checked through laboratory and field 
tests, regular production began in Octo- 
ber 1956. Since that time, all D8 and 
D9 sprocket castings have been poured 
from boron steel. 
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The Best Overall Magazine Award went to Georgia Tech 


ignitaries. 


The speakers table contained an impressive list of d 
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the Recent ECMA Convention 


at Northwestern University 
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Technograph received two second places and one honorable mention. 
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Industrial 
Headlines 


edited by Dennis Lantz 


Quick Carbon 


A multimillion dollar plant for a 
revolutionary new production process 
that cuts the manufacturing time of 
industrial carbon products from eight 
weeks to less than eight minutes now 


is in production at Lawrenceburg, 
Tenn. 
This highly automated two-step 


method, on which patent applications 
are pending, forms carbon products to 
shape in giant presses while high elec- 
trical currents simultaneously heat the 
product to baking temperature. 

The heart of the new system is a 
specially designed hydraulic press that 
operates at an average pressure of sev- 
eral tons per square inch. The extreme 
flexibility of the process makes it possi- 
ble to change operating pressures, tem- 
peratures, and cycle timing in varying 
degrees to produce carbon products with 
a variety of properties. 

Low-voltage, high-current power 
transformers with intricate controls sup- 
ply the current for heating the carbon 
in the mold. Depending on the size of 
the product being made, currents range 
from 3,000 to 100,000 amperes, which 
corresponds to the electrical require- 
ments of from 30 to 1,000 modern 
homes. 


Addenda 


For every television set the average 
dealeer will sell this fall, he will sell 
one hi-fi set, Electrical Merchandising 
says. Trade sources estimate this year’s 
packaged. hi-fi volume at $300 million. 
Sales next year are expecteed to climb 
to somewhere between two and two- 
and-a-half million units, a gain of al- 
most a million sets over this year. 

Slow steel deliveries have moved the 


36 


Iowa State Highway Commission to 
authorize a study of aluminum as a 
possible substitute for steel in bridge 
construction. One drawback was spotted 
immediately: Switch might hike cost 
of bridge by 70 per cent. 

A new electronic crown detector in- 
spects 410 soda pop bottles a minute. 
A sensing unit rings a bell if an un- 
capped bottle passes. Memory stops the 
filling machine if a second uncapped 
battle passes in four seconds. 

A reading machine that will scan 
any document, even microfilm, checks 
and tally rolls—at the rate of 300 or 
more characters a second—has been de- 
veloped in Britain. It can even read 
smudged and blurred characters, and 
makes it possible to feed information 
to a computer as fast as the machine 
can accept it. The reading machine also 
can be connected to card-punching, in- 
formation-storing, and power-handling 
devices. 


Air Power 

A new kind of “air power’—tor- 
nado-like blasts of air spurting from 
110 tiny ducts on its razor-blade wings 
—converts the ultrasonic F-104A Star- 
fighter from a “‘speedster”’ to a “‘slow- 
ster’ for landing, Lockheed Aircraft 
Corporation engineers report. 

Traveling eight times as fast as the 
most violent hurricane ever recorded 
by man, the tiny air blasts serve as 
“boundary layer control” on the U. S. 
Air Force F-104 for slower landing 
speeds and increased control. 

First production fighter to incorporate 
the new safety feature, the Starfighter 
with BLC can land in less distance than 
any present-day jet fighter, at touch- 
down speeds only moderately higher than 
trainer rates. 


Boundary layer control is a method 
of piping high-velocity compressed air 
from the engine into the wing, where 
it is squirted from a slotted tube out 
over the upper surface of the trailing 
edge wing flap. Acting like a vane of 
air, these streams smooth out the air 
flow over the wing and hold it to the 
wing surface. The result is greater wing 
lift. 

Coming directly from the engine, the 
air is hot and fast-moving. It flows 
through the slots and over the flap at 
a velocity of 2300 feet per second, equal 
to the speed of a high-powered rifle 
bullet. 

Extreme thinness of the F-104A 
wings, which have edges sharp enough 
to cut a steak, gave engineers a major 
problem in fitting BLC mechanisms and 
other control devices into the small 
space available. Each wing measures 
only 7% feet from fuselage to wing- 
tip. Maximum thickness is less than 
4% inches. 

Use of boundary layer control re- 
duces the F-104A’s landing (or stall) 
speeed by about 20 m.p.h. and cuts down 
on required landing distance by almost 
one quarter, engineers disclosed. Exact 
speed and distance are classified. In ad- 
dition to the single-place F-104A, a 
two-seat fighter version called the F- 
104B is in production at Lockheed’s 
California Division. 


Point Perfect 


“Point Perfect”, a new type of lead 
and compass pointer for draftsmen and 
engineers, has been announced by the 
W. 2H. Behrens Company, 2302056 
Clair Street, Racine, Wisconsin. 

Specifically designed for clutch-lead 
type pencils and compasses, a light touch 
of the lead against the cutters trips an 


electric switch which operates the unit 
as long as the lead is pressed into the 
sharpener. 

Other features are carbide cutters, 
lint brush, and abrasive for touch-up 
and chisel points. With a one year guar- 
antee, it is offered at $12.50, fifty per 
cent less than any comparable unit. 
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Know any cute girls? 
... then tell us at Technograph! 


SERIOUSLY, the Illinois Technograph is interested in obtaining nominations for the Technocutie 
of the Month. For many years we have been printing photos of girls who have won various 
queen contests on campus (or were among the finalists). We shall continue to print some of 
these pictures. 


HOWEVER, and here is where you come in, we are interested in finding new talent. We are sure 
that there are many beautiful girls on campus who never appear in contests; you see them 
every day walking down the broadwalk. All we need to do is get names and phone numbers 
of these girls and we'll take care of the rest. Just fill in the blank and drop in any University 
mail box (not U. S. mail) or drop it off at 215 C. E. H. or the basement of Illini Hall (Daily 
Illini Office). 


REWARDS are in it for you. For each girl selected, you will get a personally-autographed photo. 
Sound like a good deal? Then get busy! 


Tear Here 

ILLINOIS TECHNOGRAPH 
215 Civil Engineering Hall 

My-nomination- tor Technocutie vis 22". 5. c= 2 eee ee eee ee 1 
who lives at_____ SH. Ne ae I es se ERE oe Oy yh fale lp peep a Be, rephone 22-2. es ee 
Hemrdesceriptionn iS ins ee a Fe ae eee eee rise A. oe 
Pyaar ae cove Vive: cot eases. cn aoe 
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NEW BOOKS 


edited by Mike Coleman 


Engineering as a Career 


by RALPH. J: SMITH 
Tlead, Engineering Department, San Jose State College 


Published by McGraw-Hill Book Company, Inc., 
1957, 365 pages, $4.75 


Freshmen! Here is a book that you 
have been searching for. Written to ac- 
quaint prospective engineers with engi- 
neering as a career, this book indicates 
the qualifications, duties, and responsi- 
bilities of engineers and defines the en- 
gineering profession in terms of func- 
tions as well as branches. 


In addition, motivation for the study 
of pre-engineering courses, training in 
the philosophy and technique of problem 
solution and previews the basic engineer- 
ing sciences and demonstrates their ap- 
plication are provided. 

Emphasis on the functional classifi- 
cation of engineering into the categories 
of research, development, design, pro- 
duction, construction, operation and 
maintenance, application and sales, in- 
dustrial, and management make _ this 
book unique. The branches or fields of 
engineering—civil, electrical, mechani- 
cal, etc.—indicate what an_ engineer 
works with; the functions are related to 
what he does. Therefore, from the stand- 
point of career planning, the functional 
approach is more meaningful. 


A budding engineer’s interest may lie 
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in a certain branch while his aptitudes 
are more closely related to a certain 
function. To help in pinpointing the 
exact function for which the engineer 1s 
suited, the author discusses in detail the 
mental and personal qualifications de- 
sired for each. 


Also important is the training in the 
engineering approach to problem solu- 
tion, the activity characteristic of all en- 
gineering. The presentation of the ma- 
terial, although very elementary, enables 
the student to view with a proper per- 
spective the types of college courses he 
will face. 


Sufficient technical material is includ- 
ed so that a prospective engineering stu- 
dent can test his aptitude for and in- 
terest in engineering training. There are 
many brief topics of interest to all pros- 
pective engineering students on typical 
applications he may use. He must read 
technical explanations, understand prin- 
ciples, and apply them in simplified prob- 
lems. 

If you are not yet sure of your major, 
this book could be an important factor 
in your decision. 


Why Vought Projects 
Bring Out The Best 
In An Engineer 


At Vought, the engineer doesn’t often 
forget past assignments. Like all big 
events, they leave vivid memories. 
And it’s no wonder 


For here the engineer contributes to 
history-making projects — among 
them the record-breaking Crusader 
fighter; the Regulus II missile, chosen 
to arm our newest nuclear subs; and 
the new fast-developing 1,500-plus- 
mph fighter, details of which are still 
classified. 


The Vought engineer watches such 
weapons take shape. He supervises 
critical tests, and he introduces the 
weapons to the men with whom they 
will serve. 


Engineers with many specialties share 
these experiences. Today, for exam- 
ple, Vought is at work on important 
projects involving: 


electronics design and manufacture 
inertial navigation 


investigation of advanced propulsion 
methods 


Mach 5 configurations 


Vought’s excellent R&D facilities 
help the engineer through unexplored 
areas. And by teaming up with other 
specialists against mutual challenges, 
the Vought engineer learns new fields 
while advancing in his own. 
kkk 

Would you like to know what men 
with your training are doing at 
Vought... what you can expect of a 
Vought career? 


For full information, see our repre- 
sentative during his next campus visit. 
kk 


Or write directly to: 


C. A. Besio 
Supervisor, Engineering Personnel 
Dept. CM-3 
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Who Test-Hopped Equations 


There’d never been a fighter that could barrel at 
more than 1,000 mph one minute and land on a carrier 
the next. And, as a result, there was unusually keen ad- 
vance interest in the flying qualities of the airplane 
proposed by Chance Vought. 


Jim Madden was more than curious. As an aero- 
dynamic design specialist, he would help develop the 
Crusader’s handling qualities. His job began with wind 
tunnel tests. 


Jim converted tunnel information into a graphic 
picture of static and dynamic forces affecting Crusader 
stability. He used analog computers and equations of 
motion to predict the build-up of forces during maneu- 
vers. Hinge moments, loads, and required rates of con- 
trol motion were determined and released to Servo- 
mechanism and Product Design groups. Soon the 
Crusader’s stabilization and power control packages 
began to take shape. 


Jim’s part in the project could have ended right 
there. But Vought’s control system simulator helped him 
proceed to some thoroughgoing conclusions. 


It duplicated the complete rod system and all servo- 
mechanisms that would control the speedy new fighter. 
In the simulator’s cockpit, high above the Structures 
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Lab floor, Jim previewed control responses that test 
pilots later would experience. Airplane responses to 
Jim’s rudder kicks and aileron movements were re- 
corded on analog computers. Any inability of the 
control system to position the aircraft during flight was 
easier to spot . and, with test and design engineers 
on hand easier to correct. 


“It was like a big schematic — only better,” says 
Jim of the simulator. 


“It gave me a chance to work with the whole 
system. 

“And actually watching aircraft responses to the 
controls gave me a feeling for how fast they happen.” 


Another thing that moved fast was Crusader devel- 
opment. Vought’s simulator and other facilities detected 
problems before they compounded. The fighter reached 
operational readiness in record time. 


Research, design and test facilities o OF MILITA Ry, 
at Chance Vought allow the 
engineer to do a thorough job in 
advanced problem areas... 
assure high reliability in Vought- 
developed weapon systems, 
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your first move 


CAN DECIDE THE GAME 


your first job 


CAN DECIDE YOUR FUTURE 


( SONG 
SASS 
aa important first job can start you off in 


the wrong direction—or it can lead you straight toward your 
goal. If your ambitions are high, Motorola has a place that will 
give you the finest chance possible for the advancement you 
want. You'll get security and good salary, but, more important, 
you'll be working on projects with a future, like missile guid- 
ance, radar, and microwave. The door is wide open at Motorola, 
and the opportunity to fulfill your ambitions is yours. 


If you are an ELECTRICAL ENGINEER, MECHANICAL ENGINEER or PHYSICIST, 
contact Motorola today. 


CHICAGO, ILL.: MR. L. B. WRENN, Dept. CO., 4501 Augusta Blvd. 
Challenging positions in Two-Way Communications, Microwave, Radar and 
Military equipment, Television (Color) and Radio Engineering. 


PHOENIX, ARIZ.: 
RESEARCH LAB., MR. R. COULTER, Dept. CO., 3102 N. 56th St. 
SEMI-CONDUCTOR DIV., V. SORENSON, Dept. CO.,5005 E. McDowell Rd. 


Outstanding correc: in the development and production of Military 
equipment and Transistor products. 


RIVERSIDE, CAL.: MR. C. KOZIOL, Dept. CO., Box 2072 


This new modern research laboratory, located 65 miles from Los Angeles, 
needs men in Missile and Military equipment systems analysis and design. 


Contact your Placement Officer for further information regarding interview 
date on your campus or write to one of the above addresses. 
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The Flight Before 
Christmas 


(Continued from Page 23) 


I thought that the Gremlin 

had had the world hexed, 
And I was quite fearful 

of what I’d see next. 


When to my wondering 

eyes should appear 
But a mildly heroic 

strong young engineer. 


Said he, “That dumb Gremlin 
has no right to scoff, 
That sinister fellow 
don’t know what’s coming off.” 


With a cool head, 

and a smile on his face 
The engineer entered 

the technical race. 


He had a minature slide rule 
so lively and quick, 

I knew in a moment, 
he’d master the trick. 


He said he could end 

all this confusion, 
By calling the rocket 

an optical illusion. 


But he said it was wrong 
for him to delude us, 
If scientific supremacy 
was not to elude us. 


If we really want 

to seize the solution, 
We can begin with this 

New Year’s resolution: 


Pure science is half 
of what we must master, 
We must learn twice as much, 
and we must do it faster. 


And then somehow 
we must also find, 
How to end the unrest 
That frightens mankind. 


If we can learn more 
of science and men, 
Achieve the right balance, | 
THEN and only then). =. 
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Beat barnacles 


“Barnacle Bill” is not only the title 
of an old sea song—it’s the price 
ship operators pay for inefficient 
operation due to barnacle-fouled 
hulls. 

Although you can combat foul- 
ing with copper pigments, conven- 
tional copper bottom paints may 
create new problems by accelerat- 
ing the corrosion of steel hulls. 

Mutvuat sodium copper chro- 
mate to the rescue: research shows 
that it has both anti-fouling and 
anti-corrosive properties. No sur- 
prise either, because it is a mem- 
ber of the same pigment family as 
“zine yellow,” a chromate long 
used as a corrosion inhibitor in 
metal priming paints. Anti-fouling 
of course, because it contains cop- 
per. 

This useful combination of prop- 
erties also has led us to test 
Mutua sodium copper chromate 
in preservative combinations for 
wood, cordage, fabrics and paper, 
and in agricultural fungicides. 


Olefin opportunities 
Did it ever occur to you that your 
product might be epoxidizable? 
Or even hydroxylatable? 

What, never? All we mean is 
you can upgrade it with hydrogen 
peroxide, to put you in new mar- 
kets with greater profits. 
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Barrett 

General Chemical 
National Aniline — 
Nitrogen 
Semet-Solvay 
Solvay Process 
International 


llied 


hemical 


> water-resistant coatings 


With H2O., you can upgrade 
such olefins as soya bean oil, cot- 
tonseed oil, tall oil, turpentine, lin- 
seed oil or unsaturated petroleum 
derivatives. 

By upgrading, you find yourself 
making resin plasticizers, glycols, 
stabilizers, insecticides, monomers, 
lubricants, waxes, surfactants or 
brake fluids. 

In the epoxidation and hydro- 
xylation processes, hydrogen per- 
oxide reacts with unsaturated ole- 
fins to form a completely different 
class of chemical compounds. Of 
course, hydrogen peroxide has 
been around for some time, but 
recent developments now permit 
broad commercial use of these 
processes. 

Research people working in 
chemicals, plastics and pharma- 
ceuticals will be interested in a 
new Solvay Process Division up- 
to-date review and bibliography 
on the subject. 


Water-resistant coatings 
Paper coaters know that if they 
want to keep a coating from com- 
ing off in water, they must insolu- 
bilize the binder after application. 
Starch, casein, protein and latex 
are the most widely used paper 
coating and sizing adhesives. The 
major advantage of starch is its 
ease of use, but this is offset by its 


me new urethane booklet 


lack of water resistance. On the 
other hand, although casein, pro- 
tein and latex give good water re- 
sistance, they are more expensive. 

May we suggest a starch coating 
modified with U.F. CoNCENTRATE- 
85, for low-cost, water-resistant 
paper coatings. A product of our 
Nitrogen Division, U.F. ConcEn- 
TRATE-85 is a low-cost, non-resin- 
ous, high-concentration urea-for- 
maldehyde product. 

You can obtain different degrees 
of insolubility by adding 2 to 50% 
to the starch, though 20% gener- 
ally makes an excellent coating. 
Other assets: a simple mixing 
operation, a useable pH range of 
4 to 8. 

We have available a new tech- 
nical paper on the subject, “A new 
product for the insolubilization of 
starch films.” 


New urethane booklet 

In these columns, we’ve talked 
about what the industry calls “the 
next great synthetic.” Allied’s in- 
terest in urethane materials lies 
with our National Aniline and 
Barrett Divisions, which produce 
the key chemicals—diisocyanates 
and polyester resins respectively— 
used in making these versatile 
plastics. Now we have a new 
booklet available on urethane ma- 
terials, detailing their applications 
and their future. 


MuruaL and U.F. CoNcENTRATE-85 are Allied 
Chemical trademarks, 


Creative Research 


These examples of product de- 
velopment work are illustrative 
of some of Allied Chemical’s 
research activities and oppor- 
tunities. Allied divisions offer 
rewarding careers in many dif- 
ferent areas of chemical research 
and development, 


ALLIED CHEMICAL 
61 Broadway, New York 6, N. Y. 
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ERICK, Refrigeration 


THE NAME BACKED BY 
104 YEARS 


OF 
ENGINEERING 
75 YEARS 
OF 
REFRIGERATION 
ZgiggerN ts 50 YEARS 


OF 
AIR CONDITIONING 


WRITE FOR INFORMATION ON AIR CONDITIONING- 
REFRIGERATION ENGINEER TRAINING COURSE 


Ernie Engineer... 
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“Bet they didn’t teach you things like this at Illinois!” 
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ield of new Cubex magnetic allo 


Laboratories. Dr. Wiener got his B.S. in 1943 from University of Wisconsin. In 1953 he earned his Ph.D. at 
University of Pittsburgh while working at Westinghouse and studying on tuition-free Graduate Study Program. 


BREAK THROUGH MAGNETIC BARRIE 


cube-oriented alloy 


For more information on Westinghouse research in 
the field of magnetism, or information on job oppor- 


tunities, write to Mr. J. H. Savage, Westinghouse 
Electric Corporation, P.O. Box 2278, Pittsburgh 30, Pa. 


Westinghouse 


F | R S LE W I 1p H if H E F U i U R E alloy, easily magnetized in four directions instead of two. 


Cube-orientation of crystals in Cubex is revealed by “etch 


pits’? in this photomicrograph. Cubex is a silicon-steel 


TRIS CONE DCESNT 
WORK YLL QuIT 


AIRCRAFT CONTROL BEARING CATALOG ... 
available for university libraries. This catalog con- 
tains complete dimensional and load rating tables, 
scale drawings and a special engineering section 
featuring technical data, 


FAFNIR 


BALL BEARINGS 


= & 
MOST COMPLETE Sy LINE IN AMERICA 
Ko 
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For Jet Engines... 


a 


a masterpiece 
of 
engineering 


Fafnir builds super-precision ball 
bearings with tolerances held to 
millionths of an inch and finishes to 
microinches. These bearings support 
jet engine rotors where they with- 
stand high loads and speeds while 
compensating for distortion and 
maintaining shaft rigidity under 
blast furnace conditions. 

The self-aligning jet engine ball 
bearing illustrated involves a radial 
and a thrust bearing assembled in 
one-piece self-aligning outer ring. 
All parts must fit together with ex- 
treme precision. Higher mathematics, 
metallurgy, mechanical and aeronau- 
tical engineering are required to 
design and construct such a bearing. 
The Fafnir Bearing Company, New 
Britain, Connecticut. 


Open Shirt Policy 


A mixup in ministries may leave 
Czechoslovakia without cuff links, re- 
ports American Machinist. Responsibil- 
ity for manufacturing cuff links was not 
specified in the present five-year plan. It 
was thought to be a job for the minis- 
try of domestic trade. They considered 
the responsibility should go to the min- 
istry of industry. Unfortunately, it was 
not stated whether for the ministry of 
heavy industry or the ministry of light 
industry. Meanwhile, Czechs can try 
keeping their shirt cuffs together with 
red tape, the magazine suggests. 


Cunife 


Permanent magnets as small in dia- 
meter as a human hair have been made 
from Cunife at the National Bureau of 
Standards. Cunife is an alloy of ap- 
proximately 60 per cent copper, 20 per 
cent nickel, and 20 per cent iron with 
an unusual combination of magnetic and 
mechanical properties. For example, 
Cunife—instead of requiring casting or 
sintering into a desired shape like most 
highly coercive magnet materials—can 
be cold drawn. This ductility suggested 
its use for very small magnets. 

Several investigators have reported 
on the magnetic properties of Cunife 
wire and on the effects of cold working 


and subsequent heat treatment. Their 
results have shown that even if the 
material is cold worked to the point at 
which the magnetic properties are ad- 
versely affected, the initial magnetic 
properties may be recovered or im- 
proved by a simple heat treatment or 
baking. These reports, however, per- 
tained only to the larger wire sizes. 
No data were available on the “mag- 
netic properties of Cunife drawn to 
wire a few thousandths of an inch in 
diameter. 
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iF you're looking 
beyond tomorrow... 


Your first position after graduation 
will determine the direction in 
which you will grow in engineering 
knowledge and ability. 

Garrett offers engineering career 
opportunities which will expand for 
many years to come. 

They include the following in the 
fields of aircraft, missiles and tech- 
nological industry: system elec- 
tronics; computers and flight 
instruments; gas turbine engines 


and turbine motors; prime engine 
development; cryogenic and nuclear 
systems; pneumatic valves; servo 
control units and air motors; indus- 
trial turbochargers; air conditioning 
and pressurization and heat transfer. 

In addition to direct assignments, 
a 9-month orientation program is 
available to aid you in selecting your 
field of interest. This permits you 
to survey project, laboratory and 
administrative aspects of engineering 


CORPORATION 


This 9¥4-pound AiResearch solid propellant power package energizes 
the auxiliary systems of a guided missile. It includes an electrical sys- 
tem generating 650 watts and a hydraulic system which activates the 
missile’s aerodynamic controls. Participating in its development were 
electronic, hydraulic, mechanical and power plant engineers. 


at Garrett. With company financial 
assistance you can continue your edu- 
cation at outstanding universities 
within easy reach of your employ- 
ment. 

Project work is conducted by 
small groups where individual effort 
is more quickly recognized and 
opportunities for learning and 
advancement are enhanced. For full 
information write to Mr. G. D. 


Bradley. 


9851 S. SEPULVEDA BLYVD., LOS ANGELES 45, CALIFORNIA 


DIVISIONS: AIRESEARCH MANUFACTURING, LOS ANGELES *¢ AIRESEARCH MANUFACTURING, PHOENIX ¢ AIRSUPPLY 
AIRESEARCH INDUSTRIAL * REX « AERO ENGINEERING ¢ AIR CRUISERS * AIRESEARCH AVIATION SERVICE 
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MARS outstanding design SERIES 


umbrella’d stadia 


While it isn’t always true, an interesting approach 
often results in a good design, as in these twin all- 
weather stadia designed by Harry Barone and Arnold 
Horn, Pratt architecture students. Each bowl would 
be umbrella’d by its own tentlike roof of translucent 
plastic, hung from the center of soaring arches. Ac- 
cordion-pleated, these roofs are planned to fold to- 
gether out of the way in fair weather, their lower 
edges riding along the rims of the bowls. Cables that 
guy the arches form a decorative pattern tying the 
two stadia together. The big football-baseball bowl 
would hold 65,000 spectators; the smaller, 20,000. 


No matter which of today’s bright ideas become 
tomorrow’s reality, it will be as important then as 
it is now to use the best of tools when pencil and 
paper translate a dream into a project. And then, as 
now, there will be no finer tool than Mars—from 
sketch to working drawing. 


Mars has long been the standard of professionals. 
To the famous line of Mars-Technico push-button 
holders and leads, Mars-Lumograph pencils, and 
Tradition-Aquarell painting pencils, have recently 
been added these new products: the Mars Pocket- 
Technico for field use; the efficient Mars lead sharp- 
ener and “Draftsman’s” Pencil Sharpener with the 
adjustable point-length feature; and—last but not 
least—the Mars-Lumochrom, the new colored draft- 
ing pencil which offers revolutionary drafting advan- 
tages. The fact that it blueprints perfectly is just one 
of its many important features. 


The 2886 Mars-lumograph drawing pencil, 19 
degrees, EXEXB to 9H. The 1001 Mars-Technico 
push-button lead holder. 1904 Mars-Lumograph 
imported leads, 18 degrees, EXB to 9H. Mars- 
Lumochrom colored drafting pencil, 24 colors. 


JS.) S/TAEDTLER, INC. 


HACKENSACK, NEW JERSEY. 


GERMANY 
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LUMOCHROM Daa 


STAED: 


at all good engineering and drawing material suppliers 
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River of Kings... 
(Continued from Page 21) 


Powerhouse. Work will commence in 
July, 1959 or earlier, and at its com- 
pletion in 1961, the plant will add 
about 42,000 KW to PG&E’s lines 
from its single generating unit. The 


cost is estimated at $11,300,000. 


Water will be brought to the power- 
house from the Balch afterbay via an 
18,400 ft. tunnel. As the tunnel opens 
a ravine wall 300 ft. above Dinkey 
Creek, a 2,000 ft. welded steel pipe 
inverted siphon will carry the water 
down to and under the creek bed, then 
up the opposite bank of the ravine to 
the second section of the tunnel. Only 
natural siphon force will propel the 
water through the maximum of 114 in. 
diameter pipe. This will prove cheaper 
than building a bridge and piping the 
water straight across, high above Din- 
key Creek. 


From the portal of the tunnel, a 600 
ft. penstock will plunge the water to 
the powerhouse water wheels. This pen- 
stock will be a 108 in. diameter pipe— 
the greatest girth of any penstock on 
the Kings River Project. 


From the tailrace of the Kings River 
Powerhouse, the water will flow di- 
rectly into Pine Flats Reservoir for use 
by irrigationists. 


When the Courtright and Wishon 
Dams are completed and the Haas, 
Balch and Kings River Powerhouses in 
operation, the Kings River Project will 
produce a total of 261,500 KW. New 
220 volt transmission lines and a 110,- 
000 volt circuit installed on the spare 
position of an existing line will trans- 
mit the power to PG&E’s Piedra Sub- 
station and to McCall Substation. From 
Piedra, the current will be fed through 
72 circuit miles of new lines and 22 
miles of existing lines into PG&E’s grid 
system to serve 46 counties of Central 
and Northern California. 


On the Feast of the Epiphany, Janu- 
ary 6, 1805, a straggling band of Span- 
ish soldiers and priests, led by Captain 
Gabriel Moraga, made camp on_ the 
banks of an unknown river. In honor 
of the day they named the stream EF] 
Rio de los Santos Reyes, “The River 
of the Holy Kings.” In the 152 vears 
that have followed, exploration, conflict 
and development have proved the river 
well named. Now, when PG&E and 
M-W-P complete the Kings River Proj- 
ect and the river is harnessed, the riches 
of the Kings’ treasure of water power 
will be unlocked to the people and in- 
dustries of California. When that day 
comes, the stream will truly by ‘The 
River of Kings.” 
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Technocracks .. . 


that’s a JOKE, Son! 


ul 


“How do you like your new boss, 
Mayme?” 

“Oh, he ain’t so bad, Lil, only he’s 
kinda bigoted.” 

“Whadda y’mean, bigoted ?” 

“Well, he thinks words can only be 
spelled one way.” 

a 

“We had to shoot our dog yester- 
day.” 

“Was he mad?” 

“Well he wasn’t exactly pleased about 
oe 
Ernie: ““My uncle can play the piano 
by ear.” 

Gurney: “That’s nothing. My uncle 
fiddies with his whiskers.” 


“Doesn't your wife miss you when 
you stay out till three in the morn- 
ing?” 

“Occasionally—but usually her aim 
is perfect.” 

A fellow was pretty sick and the doc- 
tor ordered him to take a long vacation 
in Arizona. He went there and at the 
end of two months he died. 

They brought the corpse back home 
and his wife and her brothers were re- 
viewing the remains. 

She said: “Oh, Joe, doesn’t he look 
nice.” 

And Joe replied: “He sure does. 
Those two months in Arizona certainly 
did him a lot of good.” 


- . . Something old, something new, something borrowed, something blue.” 


The girl on the bus was reading an 
article on birth and death statistics. 
Suddenly she turned to a scholarly look- 
ing gentleman sitting beside her and 
said, “Do you know that every time I 
breathe, a man dies?” 

“Very interesting,’ the gentleman re- 
turned. “By the way, have you tried 
sen-sen ?” 

* 
“They say bread contains alcohol.” 
“That so? Let’s drink a little toast.” 
x % Ke 

The wife had made a real effort to 
balance her budget and checkbook. 
Finally she handed four sheets of figures 
with items and costs neatly typed to her 


husband. 


START TODAY TO 
PLAN TOMORROW 


By knowing about some of the projects underway at the 
Babcock & Wilcox Company, an engineer may see his 
personal avenues of growth and advancement. For today 
B&W stands poised at a new era of expansion and 
development. 


Here’s an indication of what’s going on at B&W, with 
the consequent opportunities that are opening up for 
engineers. The Boiler Division is building the world’s 
largest steam generator. The Tubular Products Division 
recently introduced extruded seamless titanium tubing, 
one result of its metallurgical research. The Refractories 
Division developed the first refractory concrete that will 
withstand temperatures up to 3200 F. The Atomic Energy 
Division is under contract by the AEC to design and 
build the propulsion unit of the world’s first nuclear- 
powered cargo vessel. 


These are but a few of the projects — not in the plan- 
ning stage, but in the actual design and manufacturing 
phases — upon which B&W engineers are now engaged. 
The continuing, integrated growth of the company offers 
engineers an assured future of leadership. 


How is the company doing right now? Let’s look at one 
line from the Annual Stockholders’ Report. 


CONSOLIDATED STATEMENT OF INCOME 


(Statistics Section) 
(in thousands of dollars) 


1954 1955 1956—UNFILLED ORDERS 


(backlog) 
$129,464 $213,456 $427,288 
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B&W engineers discuss developments 
in the Universal Pressure Boiler. 


Ask your placement officer for a copy of “Opportunities 
with Babcock & Wilcox” when you arrange your inter- 
view with B&W representatives on your campus. Or 
write, The Babcock & Wilcox Company, Student Train- 
ing Department, 161 East 42nd Street, New York 17, N. Y. 


BABCOCK 
& WILCOX 


N-220 


US 


CAREERS WITH BECHTEL 
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JaMEs FE Det Curo, Mechanical Engineer, Power Division 


MECHANICAL ENGINEERING 


One of a series of interviews in which 


Bechtel Corporation executives discuss 


career opportunities for college men. 


QuEsTION: As I understand it, Mr. Del 
Curo, the Power Division is concerned 
with the engineering phases of steam- 
electric generating plants? 


DEL Curo: That’s true. Our own de- 
partment is specifically concerned with 
the mechanical engineering phases of 
such plants. 


QuESTION: When the engineering grad- 
uate joins your department are his 
starting duties standard? 


DEL Curo: Yes. The routines are pretty 
well defined. We know a man learns 
best by actual doing, so he is put to 
work immediately on heat balances, 
line size calculations, specifications, 
miscellaneous and minor auxiliary 
equipment, instrument data sheets and 
information for plant data books. 


QUESTION: In other words, you sort of 
throw the man in and he has to learn 
to swim by himself? 


Dex Curo: No. He has plenty of help. 
He works under the direct supervision 
of a job engineer or the mechanical 
group supervisor. 


QUESTION: How long does this training 
phase last? 


DEL Curo: That will vary with the man, 
since aptitudes and desires to learn are 


different. The average is somewhere be- 
tween a year and eighteen months. 


QUESTION: During this period he will 
gradually advance to more complicated 
equipment? 


DEL Curo: Yes. For example, after a 
while he will be doing original work on 
heat balances and system studies. He 
will be able to take an entire “piece” of 
a project and handle it on his own re- 
sponsibility. He will become involved 
with bigger equipment and with the 
overall aspects of the power plant. 
Somewhere along the line he will likely 
be assigned to try his hand at piping 
materials, piping specifications and 
combined control specifications. 


QUESTION: What about the man who 
wants to specialize? 


Det Curo: If, for example, a man 
shows a particular interest in steam 
turbines, instrumentation or control, 
and demonstrates a special aptitude for 
one of them, he will often be called on 
to work on that specialty, without being 
confined to it exclusively. Thus we en- 
courage specialization, even during the 
training period, but also make sure that 
the young man gets overall experience 
through work in all phases of mechan- 
ical engineering. 


QuESTION: What about field experience? 


Devt Curo: That is, of course, highly 
desirable from his standpoint and ours. 
We make every effort to assign the 
young engineer to field work as soon 
as possible. 


QUESTION: What will he do in the field? 


Det Curo: When we are building a 
power plant we try to get the young en- 
gineer on the job five or six months be- 
fore the scheduled start up of the plant. 
He will actually help the chief start up 
engineer by writing up procedures, 
planning the hydraulic washing to 
steam lines, working on the start up of 
each piece of the equipment, checking 
out controls, etc. 


He will also handle paper work such as 
filling out the data sheets that are later 
turned over to the plant operators to 
aid them in running the plant. By the 
time the turbine is rolled and the job 
ends, the young engineer has been able 
to see the end result of all the engineer- 
ing work he and others have done back 
in the office. 


QUESTION: Are there any other types 
of field assignments? 


DEL Curo: If the young engineer de- 
sires such experience, he is sometimes 
used in the construction department if 
that group is shorthanded. 


Bechtel Corporation (and its Bechtel for- 
eign subsidiaries) designs, engineers and 
constructs petroleum refineries, petro- 
chemical and chemical plants; thermal, 
hydro and nuclear electric generating 
plants; pipelines for oil and natural gas 
transmission. Its large and diversified en- 
gineering organization offers opportunities 
for careers in many branches and spe- 
cialties of engineering—Mechanical... 
Electrical ... Structural... Chemical... 
Hydraulic. 


Write for new brochures showing the wide 
variety of projects Bechtel builds through- 
out the world. 


Address: John F: O’Connell, 
Vice President, Industrial Relations 
220 Bush Street, San Francisco 4, Calif. 
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